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It sometimes ha~~ens that corTelatioflal analysis can best be

handled by rank methods since the var iate values are expressed as ranks.

In other cases , rank methods may be preferred by th. investigator be-

cause of peculiarities in the bivariate distributions involved. In such

cases the Spearman Rho Coeffi cient has been used quite 000vson]1y despite

some difficulties with tests of significance. The Kendall Tau Coeff ic-

ient possesses a fr.quency distribution which is easy to calculate for
1

small n and which approaches nonsaUty quite rapidly. However , the

co~~utation of the t.au coefficient from its definition is tedious. A

method which can be carried out easily and quickly for smafl n~wtbers of

cases , say fifty or less is, therefore , set forth in this paper.

The tau coefficient is quite siii~ ly defined. Given ranks assigned

to a set of individuals on two tests as followe g

Individuals 1 2 3 1~ 5 6

Test A 1 3 5 L~ 2 6

Test B 2 1 3 5 ~ 6

Consider each possible pair of ranks in the A array. Assign a pl~~ one

to every pair which is in normal order and a minus one to each pair whtc~

is in inverted order. Do the sasns for the B array. Then for correspond-

ing pairs of the two arrays , the plu, or minus one values are multiplied

together and the pruducti are .u d. The result, in this case 7, Ia

denoted by 5. The total n~~b.r of pairs in each array must be the co-
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bi ations of th en r ank $ takefl twO $t a time, th thiS CasI (~~~ ) • 1S .

Then the tau coef ficient is defin.d as
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Kendall points out that an easier procedure is to rank one arra y

in normal order so that the two arrays previously given would appear as

follows ,
A , 1 2 3 It 5 6

B. 2 It 1 5 3 6.

Then , since array A can contribute only positive pairs to th. value

of S it is only necessary to consider the contributions of the pairs in

arra y B. It is c]H.r that S • P — Q  and (~~~) P •Q

where p is the number of positive pairs in B and Q is the number of nega-

tive pairs. A simple algeb raic transfo rmation then gives the result

.t •j ~_ • i — _~~_._ • _!L — 1 .
(2) (~

)

It is evident that the Q score can be arrived at by co~s%ting the ni.~~er

of transpositions necessary to put array B into normal order. In the

present example the array is in the order
2 It 1 5 3 6.

It takes two transpositions to put the 1 in its proper initial position

so that the array becomes
1 2 It 5 3 6.

The 2 is alrea~~ in normal position , and two transpositions bring the

3 into proper position to give
1 2 3 It 6.

Now the array is in normal order having required tow tran.posi ticib

to trsnaform it. Thus and t . .It67
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the same result as was arrived at by the previous thod.

This is an adequate method except for the disadvantage that the

writing down of the new arr ay each time is quit. laborious , particularly

if a larger rnait er of ranking. is involved. A simple device for accoa

plishing the computation can be ccmstructed in a few minutes,

A trough is constructed of depth and width convenient to accomodate

a set of numbered blocks . For convenience the drawing of F4 gure 1 shoes

only six blocks . The procedure can be used with rea sonable ease for as

mar~r as fifty cases.
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FIGURE 1

The trough is set on a slant so that a. one of the blocks to the

left is taken out the others will slide to the lift . The upper edge of

the trough is rtarked off into divisions equal in width to the blocks and

numbered from th. left start ing wi th the number 0. All the rankings per-

taini ng to each individual studied are entered upon a card. It is an

easy matter to arrange the cards in order according to one of the varia-

bles ranked, For instance , the rankings previously ranticned could be

used in which th. cards would hi p’a ced in order for the A arr ay and the

B arra y would then appear as
2 It 1 5 3 6 .
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Then the blocks are placed in the trough in the order of the B arra y. The

numbers on the side of the trough then correspond to the A array numbers

one position out of phas e.

The next step is to remove the 1 block from the trough , at the same

time observing the number of the space on the side of the trough corre-

sponding to it which in this case is 2. The value 2 is entered in an

adding mach ine as pa rt of the value of Q since it re presents the number of

transpositions necessary to place the 1 block in its normal position . The

block numbered 2 is then removed and placed next to the 1 block on the

table. It needs no transpositions to place it in its normal position as

is shown by the zero opposite it , The 3 bl: ’ck is then removed from its

new position cicc.itS~ the 2 - : .  he side ~f the trough and the 2 valum

is ente red in the add~n ~~~~~~ t~~~ to represent the number of transpositions

needed to pla c, the 3 bloc k tx ~ its normal poeiti~n. The Li, 5 and 6 bloCks

are then removed consecutt vely from the zero position and s thee no tran s-

positions are required for them , noth ing is entered in the adding machine.

The total in the machine then gives the total Q score. In a simple case

such as thi s one the adding machine is not really needed but when the

proc ess is applied to twe nty or thirt y blocks it is much eas ier to use an

adding r .arhine than to carry the addition forward mentally.

The above process .5 an easy , almost fool—proof method of computing

the Q score. It is executed much more easily when two operators work.

~~srator I calls the ranks for variable B off the cards arranged in order

of var iable A. (~~.rato r 1 places the blocks in the tro ugh in the prop er

order. Then Cperato r Y takes the blocks out in orde r of rank calling out



the position value from which each block is taken so that (~ erator I can

enter it in the adding machine. As each block is removed all blocks on

its right move to the left. With a manually operated adding macnine it

is easy to compute Q scores qui te rapidly for as nar ~y as fif ty ranks,

When the blocks are all out they are then in order on the table and it is

an easy matter to repeat the process for variable C, D, etc . ‘4~en all the

Q scores have been computed for the ~ossible coirb inatio ne of variab le A

with other variables , the cards are sorted agaii~ in ord er for variable B

and the process is repeated to include all the conbinat ions of B with all

variabl es except A. This procedure is repeated until all possible Q
scores have been computed . It is then an easy matter to compute the tau

coefficients .

Slight modifications of the procedure are necessa ry in the case of

tied ranks. Two different situations may be present . In the first , one

variable has r.o tied ranks. In such cases it is most practical to sort

the cards on the untied rank ing. Then suppose that a tie occurs which

uses up ran ks Li, 5 and 6. The rank S is assigned to all three . But in

the present method , it is only necessary to use the three blocks num—

be red Li, 5 and 6, making sure that they appear in order in the t rough

from left to right. This ma kes certain that as they are  taken out of the

trough none of them will affect the Q score contributions of the others .

When several ties appear in the ranking it is usually useful to keep the

ranking in front of the operator so that he will be sure to get the blocks

in the correct order when he places them in the trough.

In some cases ties may appear in the variable for which the card s
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are sorted, In such a case it is necessar y to look through the cards be-

fore arranging the blocks and to make sure that the ties on this variable

are arranged in order of sise of the second variable . This gives a unique

answer in every case so that if this procedure is followed one arri ves at

the same result as he would if the cards were sorted on the untied van .

able . This procedure is always necessa ry , of course , if ties appear in

both variables . It is quite obvious that the easiest method for , say,

twenty variables is to sort the cards first on the variables which have no

ties so that at the end only a few need to be handled in the more cumber-

some manner.

The den Dninator of tau also must be adjusted in case the ranking of

either variable contains ties. The denominator will then be not the total

number of combinatic~ns in pairs of the rankings but will be thie value

less the number of tied pairs since tied pairs contribu te nothing to S.
2

Thi s matter is tr~ated fully by Kendall .

2
cit. chapte r 3.
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